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Abstract 
ROSENGREN, RAINER: Foraging strategy of wood ants (Formica rufa group) . I. Age 
polyethism and topographic traditions. - Acta Zoo!. Fennica 149:1-30. 1977. 
The behaviour of different categories of wood ant foragers from natural colo-
nies in early spring and autumn was studied with the aid of population markings 
(spray paints), traffic counts and tests of samples in light dark alternative 
chambers. Four operationally defined categories of forage.rs were investigated: 
1) veteran foragers, i.e. foragers marked .in autumn and recaptured in spring, 
2) pioneer foragers, i.e. foragers starting the ,traffic activity from the nest in early 
spring, 3) high traffic foragers, i.e . foragers departing from the nest on the same 
day as the pioneers but later in the morning, 4) recruits, i.e. ants marked on a 
rewarding bait in early spring or autumn. It was found that veterans and pioneers 
are identical categories . Pioneer foragers differ from both high traffic foragers 
and recruits in: 1) a higher degree of fidelity to former routes and foraging 
grounds (Ortstreue}, 2) a more markedly positive reaction to light at a ·low 
temperature ( +8° C), 3} a higher rate of mortality. Age-determined differences in 
basic ·behaviour (age polyethism) were thus found in ants from the distal and 
proximal pa.llts of the same foraging column. 
The results are discussed wi-th reference to .the fact that veteran foragers have 
been found to retain their previous route fidelity through a hibernation period 
artificially prolonged to 6 months . It is considered likely that wood ants may 
develop .topographic traditions of social· foraging which extend through several 
generations and years. This "prognostic" element of the foraging strategy of wood 
ants is seen as an adaptation to a relatively stable coniferous habitat. 
A111hor's address: Department of Zoology of the University, N . Jarnviigsgatan 
13, SF-00100 Helsingfors 10, Finland. 
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I. INTRODUCTION 
The division of a wood ant society 
into workers confined to the inside of 
the nest ( l nnendiensttiere in the Ger-
man literature) and workers found out-
side the nest ( Aussendiensttiere) is 
based on age (0TTO 1958, KIRCHNER 
1964). Innendiensttiere are younger 
and differ from Aussendiensttiere in 
both physiology and behaviour (JANDER 
1957, 0 TTO 1958, KIRCHNER 1964, 
KNEITZ 1964b, LANGE 1967 and 
ScHMIDT 1968). I have found a mean 
difference in mortality and reaction to 
light between carrier ants (participating 
in a two-way "permanent migration" 
between two wood ant mounds) and 
foragers (RosENGREN 1971:22), al -
though both these groups are claimed 
to show the reduction of the ovarioles 
typical of Aussendiensttiere (KNEITZ 
1964b, KIRCHNER 1964, M6GLICH & 
HotLDOBLER 1974). This observation 
may indicate that age-determined dif-
ferences in basic behaviour also exist 
in workers found outside the nest. 
It is well known that the behaviour 
of wood ant foragers differs with in-
dividual experience or learning; this 
kind of polyethism leads to division of 
the foraging grounds (DoBRZANSKA 
1958) and to division of labour (HoRST-
MANN 1973) . It now appears that the 
foraging system may be further regu-
lated by behavioural differences due 
to age (age polyethism). 
In discussions on wood ant foraging, 
two seemingly incompatible aspects of 
behaviour must be taken into account: 
1. The route fidelity of experienced 
foragers, i.e. the strong tendency of 
each individual forager to return re-
peatedly to the same specific foraging 
place (site tenacity or Ortstreue), using 
the same route (e.g. 0KLAND 1931). 
2. The ability of a forager group 
from a given part of the territory to 
recruit and direct other workers from 
the nest to this place, at least during 
part of the season or under conditions 
of starvation (RosENGREN 1971:58-76 
and in preparation, HoRSTMANN 1975b). 
Previous reports that wood ants were 
not able to communicate the direction 
of a source of food (e.g. DoBRZANSKA 
1958) are understandable, because 
during the summer wood ants do not 
as a rule respond to artificial baits by 
mass recruitment from the nest (HoRST-
MANN 197 5b) . 
There is evidence that recrui ts are 
younger than "ordinary" foragers, per-
haps Aussendiensttiere just beginning 
their work outside the nest (RosENGREN 
1971:34, 63-67 and 72) . The foraging 
system of wood ants may thus be seen 
as an extension of the age-determined 
division of labour within the nest. 
However much more seems to be in- · 
volved than the question of behavioural 
ontogeny and division of labour. Wood 
ants of the Formica rufa group tend to 
inhabit vegetation at a rather stable 
stage of succession and this is perhaps 
especially evident in the northern zone 
of coniferous, climax-type forests. The 
extremely low genetic variability found 
in Finnish wood ant populations may 
possibly be correlated with the stable 
environment (PAMILO et al. 1975). My 
previous findings (RosENGREN 1971) 
point to the possibility that wood ant 
foraging is based on true tradition i.e. 
transfer of memory-stored information 
from one generation of foragers to an-
other. Consideration of this matter has 
been much biased by the assumption 
that social traditions are an expression 
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of "high" mental capacity. It is more 
reasonable to postulate that the pre-
sence of social traditions in animals 
represents adaptation to a stable, i.e. 
predictable, habitat. Most of the evi-
dence presented so far for true tradition 
in invertebrates has indeed been rather 
weak (see e.g. WILSON 1975:168). The 
aim of the present study is to analyse 
the wood ant case more closely. 
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II. MATERIAL AND METHODS 
A. Taxonomical problems 
It is sometimes concluded that the taxonomy of 
the Formica rufa group is by now definitely sett-
led, but this view may .not be justified. For in-
stance, in some parts of Europe Formica poiyclena 
Forst. cannot be separated from Formica mfa L. 
(Bohdan Pisarski personal communication), and 
the problem of identification described below re-
presents another case in point. The common 
Finnish wood ant species used in the field and 
laboratory studies reported here (and in my other 
publications) was several years ago identified as 
Formica poiyctena Forst. by the Swedish ant taxo-
nomist Karl Herman Forsslund. This determina-
tion does in fact agree with most of the taxonomic 
characters, especially those of the worker caste 
(e.g. DLUSSKY & PISARSKI 1971, Finnish trans-
lation by Dr. Kari Vepsalainen in MS) . However, 
the females have fine, dense punctures on the 
gaster, like Formica aquiionia Yarrow, and thus 
differ clearly from, e.g., ,the Dutch females of the 
"true" Formica poiyctena (Cedric Collingwood 
personal communication). On the other hand, the 
species cannot be identified as Formica aquiionia 
Yarrow unless the definition of this species is 
radically broadened. The matter is complicated 
still more by the fact that the polyctena-like form 
is restricted to the southern part of the country, 
where it coexists with the characteristic form of 
Formica aquiionia (e.g. a few bent hairs on the 
back corners of the head in workers, a field of 
short outstanding hairs on the frontal part of the 
first gaster tergite in females as described by 
DLUSSKY & PISARSKI 1971). 
The Finnish polyctena may represent a new 
species within the Formica rufa complex (Coiling-
wood, personal communication) . The "naked" 
polyctena type may well have developed inde-
pendetly in different parts of Europe (note espe-
cially that, unlike the case in some other parts of 
Europe, the Finnish polyctena is rather easy to 
delimit from Formica rufa L.). However, until 
these points have been settled, I have no other 
choice than to use the name Formica polyctena 
as a working label for my material. 
B. Ant · colonies 
Three mounds of F. polyctena, all belonging to 
different polycalic nest groups in southern Finland 
near Helsinki, were used for the present investiga-
tion. All the mounds were characterized by un-
usually distinct clearly defined trunk routes run-
ning from the mound through the moss-covered 
habitat like the spokes of a wheel. The direction 
of the routes remained more or less unchanged 
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during a couple of years (for similar observations 
see STAGER 1936 and CHAUVIN 1962). 
All the three study colonies were situated in 
mixed pine and spruce stands of Vaccinium or 
Myrti/Jus type (for the terminology of northern 
forest types, see CAJANDER 1949). The ground 
was mainly covered by Pleurozium end Hyloco-
mium mosses. In all the colonies, however, some 
of the routes ran towasds pine stands on 
barren rocks characterized by Cladina and Calluna 
type vegetation . 
The routes from the colonies ran tangentially 
to several aphid trees but none of the main routes 
terminated at a particular tree, as was claimed by 
SCHWENKE (1957). The ants frequented the same 
trunk routes wether they were visi.ting aphids or 
not (practically no aphid activity between mid 
April and mid May and from late September 
onwards). This was also true with respect to their 
use of underground aphid galleries excavated 
around spruce and pine roots (see RosENGREN 
1971:9, see also p. 23). No hibernation was ob-
served outside the mounds. 
1. Mound A (Sunnanvik, Sjundea) 
This rather small mound (50 cm high and 340 
cm in circumference) wa"S also the least densely 
populated. It was possible to estimate its maxi-
mum age, because it bad been built on the stump 
of a small spruce tree which was cut in 1964. The 
rcutes typically formed 5-10-cm-broad furrows 
through the moss cover. 
The s1ze of the active population 
The size of the forager population was esti-
mated in mid August 1975. By combining the 
marking of a known number of individuals with 
traffic counts, it is possible to estimate the size 
of the population with the Lincoln index. How-
ever, the poor durability of manually applied 
colour markings and a probable difference in the 
mean journey time of foragers on differente routes 
(see HOLT 1955 and especially HORSTMANN 1974) 
made it necessary to use a more complicated pro-
cedure: 
1. More than 35 % of the foragers on two routes 
running in opposite directions and to different 
types of vegetation were marked with two dif-
ferent spray colours. 
2. At the same time random samples of ants 
from the two marking routes were marked manual-
ly with plastic enamel (375 individuals from each 
route). 
3. The ratio of manually marked to spray-marked 
ants was determined during the first two days 
after marking by several 10-min counts on each 
marking route. This ratio was then used to esti-
mate the absolute number of spray-marked ants . 
The number of spray-marked individuals could 
be used for a longer time because in this case bias 
due to loss of markings is negligible, at least 
during several days (see Fig. 6 and RosENGREN 
1977). 
4 . The ratio of spray-marked to unmarked ants 
was subsequently determined on all the routes of 
the system, and on radii between the routes, by 
both traffic counts and the frame method (see p. 
10). All the counts were made on steady state 
traffic (i.e. returning and departing streams about 
equal) at 17°C to 20°C. 
The proportion of spray-marked individuals in 
the total forager population averaged 14.6 %, 
giving an estimated total forager population of 
about 93 000 individuals (for samples taken at 
different depths within the mound see p. 22). 
At 1 7°C, with steady state traffic, the number of 
foragers leaving the mound along the routes or 
on radii between the routes was 4.7 ants per 
second. 
The foraging area 
In August 1975, the foraging area patrolled by 
this population was about 5000 m!. Of a total of 
1410 foragers returning to the mound per 5-min 
period during an average day in mid August, 
about 16 % carried booty (mostly midges) 1 % 
casried nest material (this value is clearly higher 
at the beginning of summer) and 28 % had visit-
ed aphid trees (21 sparsely frequented spruce trees, 
5 large pines and 1 small birch at this time of the 
year). Thus, at the end of summer, the proportion 
of foragers frequenting the routes without any 
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apparent reward was 55 %. The number of aphid 
trees visited (mapped in 1975 and 1976) may vary 
very much during the season. Trees visited for 
aphids are not always the same from one yea·r to 
another (although very intensely frequented trees 
tend to be same) . The curious point is that "new" 
aphid trees also tend to be situated close to the 
permanent trunk routes. A very simplified picture 
of the route system of colony A is given in Fig. 5. 
2. Mound B (Sunnanvik, Sjundea) 
This large, densely populated nest (description 
in RosENGREN 1977) is situated about 1 km from 
mound A and eibviously belongs to another group 
of nests. Traffic counts carried out in autumn 
1975 at both mounds A and B (about 10°C, 
overcast sky) indicated that the number of for-
agers leaving mound B per time unit was 10.5 
times as great as the number leaving mound A. 
3. Mound C (Westend, Esbo) 
The mound is the same as the "PYC" mound 
described and figured in a previous paper 
(RosENGREN 1971:29-31 and 102). The route 
system of this colony underwent only minor chang-
es between early summer 1967 and autumn 1974, 
but most of the forest around the mound was cut 
in winter 1974-1975. This led to an a·lmost 
complete dissolution of the previous route system 
in the early spring of 1975. Later on in the spring 
the population began to split into sever~! small 
daughter nests (for discussion of similar effects of 
timber felling observed in other wood ant colonies, 
see ROSENGREN & PAMlLO 1977). 
C. Sampling, marking and baiting 
1. Traffic counts 
Ants crossing a given line on the track were 
counted with click counters and a stop-watch. 
This is a rel.iable method for wood ants, provided 
cer.tain conditions are fulfi.Jled. 
1. The temperature during counting should not 
be too high. The validity of traffic counts 
made at temperatures above the range 15-
200C is uncertain. 
2. The tracks selected for counting should not 
exceed about 20 cm in width. 
3. The rate of traffic shou-ld not exceed about 
900 ants per 5 minutes in either direction on 
~he ·track. 
4. The fact that wood ants are disturbed by un-
familiar visual objects should be remembered 
when the counting site is selected . If the ants 
show signs of hesitation, owing to movements 
of the observer (or careless breathing) counting 
should be interrupted until the stream again 
flows smoothly. 
All ·the above requirements were met during the 
traffic counts reported here. The ants were count-
ed at a distance of 2-4 m from the mound (the 
distance had to be varied according to the topo-
graphy of the .terrain on each route). The flows of 
ants in the two directions were not recorded 
simultaneously, as was done by HOLT (1955), 
because one of the click counters was used for 
marked and the other for unmarked ants. The 
counting period for each direction of the track 
was 5 minutes. 
The size of .the forager population of colony 
B aHowed traffic counts only in early spring and 
autumn, whereas in colony A recording could 
be carried out at low temperatures throughout 
the season. 
2. Other sampling methods 
Measurements of the number of ants per unit 
surface area were mainly carried out at very low 
ambient temperatures (range of temperatures for 
the measurements summarized in fig. 1: + 6.5-
10.60C) . 
The samples used for the light/dark alternative 
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test were taken by rapidly raking together ants 
from a given stretch of ilie route, submerging 
them immediately in jugs of cold water (this pre-
vents them from killing each other with formic 
acid) and taking them to the laboratory in sub-
merged condition. 
Further details of the sampling and counting 
procedures are given with the descriptions of 
each experiment (especially on pp. 10, 13 and 18). 
3. Colour marking 
Small patches of paint applied manually to the 
thorax or abdome.n habe poor durability (see 
HoRSTMANN 1973 and CHECHOWSKI 1975). More-
over, the mortality of ants marked in this way is 
obviously increased because they are often conta-
minated with formic acid during the process and 
the tergites of the abdomen are often glued to-
gether by the paint. The aerosol paints used here 
seem to lack some of these drawbacks but are less 
suitable in some other respects (for spray-mar.king 
procedures and discussion of sources of error, see 
ROSENGREN 1977) . 
Humbrol plastic enamel was used for the 
manual markings reported here, while "Magi-
Dye" leather paints (colours : light blue, orchid, 
whi.te and silver) and "Sparvar" quick-<lrying 
enamel (chrome yeHow) was used for spray 
markings on tracks or on baits. A few obviously 
"confused" individuals with spray paint on eyes 
and antennae are always found during the first 
days after marking, but otherwise colour marking 
has not been observed to have any behavioural or 
social effects. Spray-marked individuals were still 
recaptured in the colonies 8 months after marking 
(p. 18 and RosENGREN 1977). 
4. Baiting 
As has been observed by HoRSTMANN (1975b}, 
during the summer wood ants do not generally 
react to artificial baits by mass recruitment from 
the nest. One probable explanation is that the 
colonies have enough natural food in this season 
(during t he extremely dry summer of 1975, one 
of my study colonies clearly suffered from a 
shortage of aphids toward the end of the summer, 
and already responded to sugar baits by mass re-
cruitment at the beginning of August). It has been 
possible to induce mass recruitment in my study 
colonies both in the spring (April, May) and in the 
autumn (September, October), while HORSTMANN 
(1975b) only noticed this phenomenon in the 
spring. An interesting point is ·that baits of sugar 
or syrup are much more effective than baits of 
meat during the spring, whereas the reverse holds 
for the autumn. Baiting with meat is probable 
effective in autumn becluse first-cl ass booty is 
scarce during this part of .the year; in my study 
colonies the foragers were carrying empty pieces 
of chitin, frost-killed midges and dead fellow 
workers as "booty" to the mound. It is probable 
that the low temperature during autumn restricts 
active hunting and killing of .living prey. 
D. Light/dark alternative chamber tests 
Marked samples of ants taken from different 
groups in .the field were tested in light/dark 
alternative chambers. The aim of the experiments 
was to detect possible differences be.tween the 
groups in reaction to light (positive and negative 
phototaxis). The ants .to be compa·red were marked 
manually with different colours and placed in the 
same light/dank alternative chamber. The design 
of the rectangular chamber used for most of the 
experiments reported here was not entirely sui-
table. A more adequate elliptically shaped chamber 
was used in the experiment reported on page 25 . 
The test chamber 
The sides and bottom of the rectangular test 
chambers were made of wood (length: 36 cm, 
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width: 26 cm, height: 5 cm). A 2-cm-thick layer 
of plaster of Paris was placed on the bottom and 
the chambers were covered with plates of glass 
attached to the sides with tape. The identical 
halves of the chambers could be separated from 
each other with a metal curtain, which was lower-
ed when the ants were counted . A 100 wat-t in-
candescent reflector bulb (or a 160 watt Hg mixed 
light bulb, see the description of the experiment 
on p. 25) was placed 1.5-2 m above the chamber. 
The light intensity measured on -the floor of the 
light half of the chamber was about 700 Lux 
(incandescent bulb) or 350 Lux (Hg bulb). The 
dark side of the chamber (covered with a light-
proof plate) was changed after each test. The 
humidity within the chamber was kept at 100 % 
RH by keeping the plaster wet. The chambers 
were kept in a refrigerated room at +7-8°C. 
The difference in temperature between the light 
and dark sides of the chamber was 0.7° ±0.4°C 
with the incandescent lamp and about 0.2°C with 
the Hg lamp. Pilot studies ind icated that even a 
difference of several degrees Celsius did not 
selectively influence the distribution of differently 
marked categories (groups to be compared were 
always placed in the same chamber) . K NEITZ 
(1964a) found no difference in temperature pre-
ference between young and old ants . A more 
serious source of error was the tendency of the 
ants to agglomerate, especially in the corners. 
The agglomerations were formed in the dark half, 
but they often persisted when the light condi-tions 
of the chamber sides had been altered. This and 
the formation of condensation water on the inside 
of the glass roof made it necessary to open -the 
chambers after each test and count the ants while 
putting them one by one in a glass of water. The 
ants were then released in the middle of the 
chamber. The chamber was kept at room tempera-
ture with both chamber sides uncovered for about 
1 hour in order to "randomize" the population be-
fore the next test in the refrigerated room. For 
further details of the experimental procedure see 
p. 23. 
E. Temperature recordings 
The temperature within mound B was recorded 
automatically throughout 1975 and 1976 with a 
Lamprecht recorder. The hibernation temperatures 
in the earthnest underneath mound B and in an-
other wood ant mound were recorded similarly 
(p. 9 and in preparation) . 
The temperature outs ide the mounds was 
measured during sampling or traffic counts with 
two or three mercury thermometers situated close 
to the ground by two routes (shady places 2-5 m 
from the mounds). The values used here are thus 
the means of temperatures measured close to the 
ground at 2-3 different points. 
m. RESULTS 
A. Temporal and spatial distribution of "pioneer" foragers and 
"recruits" on natural wood ant routes in the spring 
1. Retention of the foraging 
tradition through the winter 
Columns of wood ants have been 
observed to follow the same routes as in 
the previous season right from the be-
ginning of the active period in early 
spring (April), some weeks before the 
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commencement of aphid activity (Ro-
SENGREN 1971). It has also been observ-
ed that a considerable part of the for-
agers colour-marked the previous sea-
son survived the hibernation period and 
retained most of their previous fidelity 
to both trunk routes and branch routes 
in the spring (RosENGREN 1971:26-29 
and 70-76). HoRSTMANN (1975a), 
however, has not been able to confirm 
my observations in colonies of the same 
species (F. polyctena, but see p. 4) . 
The wood ant habitat studied by 
HoRSTMANN was an oak-hornbeam 
forest near Wiirtzburg in Germany, 
whereas the colonies studied by me are 
situated in fairly pure stands of pine 
and spruce. Deciduous forests, which 
lose their leaves in the winter, may 
constitute a less constant visual envi-
ronment for the ants than pure conife-
rous stands (for discussion of this point, 
see RosENGREN 1977 and RosENGRE 
& PAMILO 1977). It is also possible, as 
suggested by HoRSTMANN (1975a), that 
foragers from the previous year do not 
play the same role in central Europe, 
possibly owing to such factors as a 
higher temperature during hibernation 
(likely to affect both survival and re-
tention of memory). We may also ask 
whether the concept route has the same 
significance in a forest with the ground 
covered with leaves as in a moss-cover-
ed coniferous habitat. I was actually 
unable to detect any wood ant routes 
at all in a polycalic colony of F. polyc-
tena situated in a Carpinus forest in 
Poland, near Warsaw, although the 
routes of my study colonies in Finland 
are quite distinct at the same time of 
the year (September) . These differences 
seem to call for a description of the 
situation in my study colonies at the 
time of awakening after winter. 
In southern Finland, wood ants are 
completely isolated within their nest, 
by low winter temperature or a perma-
nent snow cover, for between 4 and 6 
months. My temperature recordings 
within the hibernation chambers in the 
earth nest underneath the mounds (2 
continuously working Lamprecht re-
corders) show that in January and 
February the wood ants hibernate at a 
temperature very near, and sometimes 
even slightly below, 0°C. As a rule, the 
activity outside the nest starts between 
the middle and end of April (or the 
first days of May), after the termina-
tion of the so called "sunning period" 
(clusters of workers and females on the 
surface of the mound) . If the tempera-
ture suddenly becomes very high dur-
ing the last phase of this "sunning" 
("diffuse sunning", see KNEITZ 1964a) 
chaotic activity may be observed in the 
terrain quite near the mound. The ants 
sometimes seem to depart from the 
mound in the direction of the sun, so 
that a kind of very indistinct "sun co-
lumn" (not bound to previous routes) 
is formed. This phenomenon probably 
represents an extension of the sunning 
behaviour to warm places near the 
mound rather than foraging. 
Immediately after the termination of 
the sunning period, columns of slowly 
moving ants leave the mound along the 
routes used during the previous au-
tumn. During the first day of "for- . 
aging", those early "foraging" columns 
may progress as far as about 60 m 
along the routes. It is rather dubious 
whether the ants are really foraging 
during these initial journeys, because 
the ambient temperature generally does 
not allow catching of insect booty, and 
the ants cannot be observed to visit 
aphids in the trees (it may take some 
weeks between the start of wood ant 
activity outside the mound and the 
commencement of aphid activity). 
Wood ants in southern Finland 
may sometimes use sap from birch 
trees in early spring, but this was 
not observed in any of my study 
colonies (A, B and C). That the 
formation of spring columns along pre-
vious routes does not require any food 
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reward is quite evident in cases where 
the feeding grounds and routes are still 
blocked by snow some metres from the 
mound. In this case the ants gather 
close to the edge of the snow-drifts. 
Columns of wood ants may depart 
from the mound in early spring as soon 
as the temgerature on the ground 
reaches 5-7 C in the shade (this seems 
to be a kind of threshold temperature 
for the colonies discussed here) provid-
ed that the mound is exposed to the 
sun. However, some wood ant mounds 
observed by me in southern Finland 
have seemed to require a higher ground 
temperature for the start of traffic after 
the sunning period. During the first 
days of activity, the traffic may begin 
at quite different times of the day on 
different routes (which means that the 
mound has to be watched during seve-
ral hours of the day) . 
My observations of distinct ant co-
lumns departing from the mound and 
closely foll owing the previous routes 
in early spring were repeated in several 
years and the spring columns were ob-
served on several successive days in 
one and the same colony each year. It 
must, however, be pointed out that my 
study colonies were selected because 
they had exceptionally distinct for-
aging routes. In wood ant mounds of 
the same species and in the same type 
of habitat in southern Finland the de-
velopment of the route system varies 
considerably, and it is quite possible 
that the activity in early spring may not 
be channelled along the previous 
routes if these are indistinct. Indeed, 
during exceptionally warm days after 
the onset of foraging in spring, the ants 
in some colonies have given the im-
pression of running "chaotically", even 
at some distance from the mound 
(cf. Hou.ooBLER 1944). 
Procedure 
In mid October 19n, foragers from nest B 
were marked on three routes, at a distance of 5-
10 m from the mound. A separate spray paint was 
used for each route ("Magi-Dye" commercial 
leather sprays, colours: light blue, white and 
silver) . The awakening of colonies A and B in 
spring 1976 was artificially delayed until the end 
of April by keeping the mounds constantly covered 
with snow. By this simple method, the time of 
isolation within the mounds was effectively con-
trolled and prolonged to nearly 6 months . 
The spatial distribution of the forager popula-
tion around m<>und B was determined with a 
frame (40 cm X 60 cm) within a semicircular 
bel t, whose inner margin ran 10 m from the 
centre of the mound (Fig. 1) . This was done once 
in late autumn 1975 {1975-10-26, overcast sky, 
ambient temperature: 10. 5 C) only a few d ays 
before the definite cessation of all activity outside 
the mound. The weak traffic followed the same 
routes as during summer, but at this time of the 
year the ants no longer visited former aphid trees. 
The distribution was examined again in the fol-
lowing spring (1976-05-07, sunny weather, am-
bient temperature: 7.3°C) a few days after the 
first signs of activity outside the mound; the ants 
did not visit aphids or any other loca·lized source 
of food {the first signs of ants visiting aphids in 
the trees were observed more than one week later). 
It should be pointed out that the frame method 
is suitable for examining the spatial d istribution 
of ants only when the femperaJure is low and 
the number of foragers found outside the nest is 
small {it was possible to use the method through-
out the season in colony A but not during late 
spring aod summer in the densely populated co-
lony B). 
Sampling for marked ants was done io spring 
with a frame (0 .5 X 1 m) placed on the tracks 
where ants were marked in autumn, at a distance 
of 4 m from the mound . The ants wi thin the 
frame were rapidly collected, killed and examined 
under a binocula.r microscope. The samples pre-
sented in Fig. 1 were taken after the investigation 
of the spatial distribution of the foragers, the 
same (1976-05-07) and the following day (1976-
05-08). Samles from the same route were pooled . 
Results 
The ants marked in autumn 197 5 
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FIG. 1. Mound B (in centre of semicircle) with parts of route system studied (routes 1 to 6) . Compass 
direction and scale (in metres) indicated by arrow pointing north. Inner semicircles: margins of the 
measuring belt. Direction of movement of frame (black rectangle) indicated by arrow within the belt. Points 
within the inner margin of the belt {each point = 2 ants): distribution of ants around the mound in late 
autumn 1975. Points outside the belt {each point = 2 ants): distribution of ants in early spring 1976 be-
fore the commencement of aphid activity. 
* = foragers marked on route 2 in autumn 1975 and recaptured in spring 1976 (total size of sample 
from route 2, n=l274) . 
* = foragers marked on route 4 in autumn 1975 and recaptured in spring 1976 (total size of sample 
from route 4, n=1380) . 
e = foragers marked on route 7 in autumn and recaptured in spring (total size of sample from route 7, 
n=1800) . 
retained their fidelity to the routes 
through the winter (Fig. 1). The for-
agers thus "remember" their specific 
routes for at least 6 months. Retention 
of fidelity to routes through the winter 
had been observed in the same colony 
two years earlier (RosENGREN 1977) 
and has now been noted in more than 
10 different wood ant colonies (RosEN-
GREN unpublished, RosENGREN & PA-
MILO 1977). Since preservation ofOrt-
streue through the winter has been de-
monstrated in Formica lugubris Zett. 
(RosENGREN 1971:46), Formica rufa L. 
(RosENGREN 1971 :28), Formica aquilo-
nia Y arr. (ROSENGREN & p AMILO 1977) 
and the polyctena-1ike form (see p. 4) 
studied here, it is difficult to avoid the 
conclusion that this phenomenon may 
be widespread within the northern belt 
of coniferous forests. The suggestion 
that the situation may be different in 
central Europe (HoRSTMANN 1975a) is 
extremely interesting and should be 
verified by appropriate marking me-
thods. 
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The ants of the 1976 experiment 
(see also p. 14) had retained their fide-
lity to their routes through an isolation 
period lasting from the end of October 
to the end of April (note that the awa-
kening in spring was artificially delay-
ed in this case). This and some of my 
other results cannot be explained by 
the assumption that foragers from dif-
ferent routes may occupy different sites 
within the mound or by assuming the 
presence of cohesive "teams" or tro-
phollactic groups formed on the basis 
of odour (see RosENGREN 1977). They 
may thus be considered proof that 
wood ant foragers may preserve a to-
pographic memory during at least 6 
months of isolation. 
The distribution of the forager popu-
lation at a distance of 10 m from the 
mound is roughly the same in late 
autumn and early spring (Fig. 1) . It is 
evident that the regions of highest den-
sity occur on the same routes. These 
routes were originally mapped several 
summers ago, and the results obtained 
with the frame method in other years 
(colony B, see RosENGREN 1977) and in 
my two other study colonies (A and C) 
accord with the above picture (RosEN-
GREN 1971 :31, ROSENGREN & p AMILO 
1977). 
In late autumn and early spring, the 
ants do not utilize aphids in the trees 
or other clearly localized sources of 
food, so that the fact that the routes 
are the same cannot be explained by 
the constancy of aphid trees or similar 
sources of food, as was suggested by 
HoRSTMANN (1975a). 
2. Temporal distribution 
The mere fact that foragers surviv-
ing the hibernation period retain their 
fidelity to their previous routes (Fig. 1) 
does not prove that wood ant foraging 
is based on true tradition. Tradition 
implies the transfer of topographic in-
formation from an older to a younger 
generation of foragers. Are old for-
agers possibly able to guide younger 
groups of ants along the previous rout-
es? A prerequisite for a guiding mecha-
nism in this case (but not, however, a 
proof of guiding) is that old foragers 
leave the mound earlier than young 
foragers. There is no means of studying 
this question directly because old Aus-
sendiensttiere do not differ morpho-
logically from young Aussendiensttiere. 
It is necessary to use a rather compli-
cated schedule of marking experiments 
to "cross test" the "guiding" hypothesis. 
It should be pointed out that the words 
"pioneers" and "recruits" are used only 
as tentative working names for groups 
of similarly marked ants, in which the 
majority of the individuals behave in a 
certain way. There is no means of 
proving that every ant mass marked 
on a bait really was recruited to this 
bait by another ant. 
The emergence of ants from the 
mound starts after cold nights in early 
spring at a sharply defined point in 
time (probably reflecting a ris'e in tem-
perature above a certain threshold le-
vel). From this moment onward, the 
numbers of ants proceeding along a 
given route from the mound often seem 
to increase exponentially (see Figs. 2 
and 4) and may reach their maximum 
within an hour. For about half an hour, 
the traffic consists almost exclusively 
of ants leaving the mound (Fig. 2), pro-
vided that the temperature does not 
drop. 
A stream of foragers returning to the 
mound develops very slowly; it some-
times takes several hours from the start 
of the traffic before the departing and 
returning streams of ants are approxi-
mately equal i.e. before the steady 
state is reached. It should be stressed 
that these conditions are typical of 
early spring. Later in the season, the 
return stream is generally already fair-
ly large early in the morning, as wood 
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ants may continue foraging all night, 
when the weather is warm (RosENGREN 
1977), and often spend the night in the 
aphid colonies, even in cold weather 
(the ants staying overnight in the ter-
rain have been observed to return to 
the mound at the start of traffic from 
the mound). 
The ant columns proceeding along 
the routes from the mound at low tem-
peratures in spring can be divided in a 
rather dispersed front or distal part 
and a rather dense base or proximal 
part. 
a. The frequency of ants marked in 
autumn in distal versus proximal parts 
of the spring column 
It was previously found that the 
distal part of a column leaving the 
mound in early spring contained signi-
ficantly more ants marked in the pre-
vious season than the proximal part 
(RosENGREN 1971:73). These observa-
tions were made in colony C, and the 
results were confirmed in colony B 
(1973) and colony A (1976) with two 
different techniques. 
Procedure 
Colony B: The ants on route 6 (mound B) 
were marked with colour spray in late Augus t 
1972 (for details see ROSENGREN 1977). Only 
about 10 % of the originally marked forager po· 
pulation was left in late April 1973 (see ROSEN· 
GREN 1977) . A smaH rather dispersed column 
leaving mound B along route 6 (1973-04-20) was 
allowed to progress for about 20 m. Two samples 
were then taken: the first consisted of all the ants 
found between 20 m and 10 m from the mound 
(the distal group), and the second of all the ants 
found between 10 m and 3 m from the mound 
(the proximal group). The ants were killed and 
the frequencies of marked ants in the two samples 
were determined under a binocular microscope. 
Colony A: The ants on routes 2 and 5 (mound 
A, Fig. 5) were marked with colour spray when 
clustering on baits of meat placed on the routes 
at a distance of 5 m from the mound . This pro-
cedure was repeated several times in late Septem-
ber 1975 (two different colours were used and the 
same colour was always kept for the same route) . 
The frequency of marked individuals on each 
route was determined in mid October during very 
low traffic intensity and found to be 57.7 % on 
route 2 (n = 156) and 29.3 % on route 5 (n = 
242) . 
The ants were observed to eat the bait, but the 
bait did not lead to mass recruitment from the 
mound (the traffic between the bait and the 
mound was not observed <to increase considerably) . 
Mass recruitment was, however, observed as a 
response to baiting in colony C some years earlier, 
in the autumn (seep. 22 for discussion) . 
In the following spring ( 1976), the frequencies 
of marked ants were determined by counting the 
ants crossing a given line on each track at a 
distance of about 2 m from the mound. Separate 
click counters were used for marked and unmark-
ed ants. The first counting period included the 
TABLE 1. Comparison of percentages of autumn-marked foragers in ea-r-ly spring samples. Dist'<ll group: 
ants starting the traffic in the morning. Proximal group: ants leaving the mound somewhat later when 
traffic was more intense. The differences between the distal and proximal groups are statistical-ly sig~ificant 
in all cases . For further explanation, see the text. 
D istal group Proximal group 
Date % % 'X! p 
n 
marked n marked 
mound B 1973 
route 6 20.4 351 5.1 684 2.2 5.5 P<0.025 
mound A 1976 
route 2 8.5 60 43.3 110 23.6 7.1 P<0.01 
route 5 8.5 48 27.1 125 9.6 8.6 P<0.01 
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ants first leaving the mound along the previous 
routes (this group corresponds to the distal sample 
from colony B). The second counfing period in-
cluded ·the ants departing from the mound and 
crossing the fixed counting line about 15 minutes 
later (this group corresponds to the proximal 
sample from colony B). It was possibl-e to carry 
out these counts on the same day (1976-05-08} 
because the traffic on routes 2 and 5 started at 
different times in the morning. 
Results 
The ant groups that started the traf-
fic from the mounds on spring mor-
nings contained a significantly higher 
proportion of ants marked the previous 
year than groups leaving the mound 
later (table 1). Similar results have sub-
sequently been obtained with other 
Finnish wood ant colonies (RosENGREN 
& PAMILO in preparation). This may 
indicate that "veteran foragers" initiate 
the traffic in early spring. This inter-
pretation is supported by my previous 
finding that the foragers starting the 
traffic have a significantly higher mor-
tality in capture than ants leaving the 
mound later, during higher traffic in-
tensity (ROSENGREN 1971 :74). 
The groups marked in colony B (late 
August 1972) retained a high degree 
of route fidelity after the winter (see 
RosENGREN 1977). This was also true 
for colony A. Of a total of 1.31 marked 
ants noted on route 2 during spring 
1976, only 4 had been marked on route 
5, and only 1 of 90 marked ants observ-
ed at the same time on route 5 had been 
marked on route 2. 
b. Differences in timing between 
"pioneers" and "recruits" 
The hypothesis that old experienced 
foragers or "veterans" initiate the traf-
fic activity in early spring, can be test-
ed by comparing the traffic behaviour 
of four operationally defined catego-
ries of ants: 
1. Veteran foragers, i.e. foragers 
marked the previous year before the 
hibernation in autumn. 
2. Pioneers i.e. foragers of the early 
or distal group marked in spring. 
.3. "High traffic foragers", i.e. for-
agers of the late or proximal part of 
the foraging column. 
4. Recruits, i.e. ants marked during 
mass recruitment to a bait in early 
spring (see HoRSTMANN 1975b) or 
autumn. 
Procedure 
1. On 1975-05-04, the first 600 foragers ("pio-
neers") which left mound A along route 1 
(Fig. 5), after a cold night, were marked 
manually on both thorax and abdomen. The 
traffic on this route remained very low during 
the markiog procedure (about 10 ants per 
minute leaving the mound, temperature during 
the marking 7-13°C) . The route did not lead 
to any aphid trees duri-ng this part of the 
season. 
2 . Later during the same day a large bait of syrup 
was placed between previous routes 2.7 m from 
the mound (Fig. 5). Within one •hour, the bait 
occasioned intense traffic from the mound 
(about 100--200 ants leaving the mound per 
minute in the direction of the bait). The ants 
crowding on the bait in very large numbers 
("recruits" ) were marked with spray. The bait 
was renewed several times and the markings 
was repeai ed during two days . The bait was 
removed on 1975-05-06 in the evening, after 
which some of the ants enticed to the bait 
formed a new permanent route (route 6) ex-
tending beyond the stretch between the mound 
aod <he previous site of the bait, while most 
of them started to use older, previously exist-
ing routes. 
The traffic on the routes in the early morning 
was counted repeatedly from 1975-05-10 on-
wards, marked and unmarked ants being noted 
separately. 
3. Essentially the same bait ing and marking pro-
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FIG. 2. Ordinate: number of ants counted per 5-min period on route 1. Abscissa: time (minutes) in early 
morning shordy after start of the traffic from the mound. 
e = •total traffic leaving the mound. 
~- = bait-marked ants leaving the mound . 
• = ants marked <as pioneers leaving the mound . 
total traffic returning to the mound. 
b slope of regression lines {broken line with negative slope for pioneer foragers). 
correlation coefficient. 
cedure was -repeated in spring 1976. The bait 
was pla'Ced in the same direction and at the 
same distance from mound A as in 1975 (Fig. 
5)., but, since the awakening of the colony was 
delayed, the experiment was carried out later 
in the spring (baiting 1975-05-14-- 15, mark-
ing of recruits and removal of the bait on 
1975-05-1 5. Immediately after the removal of 
the bait from route 6 {Fig. 5), a new bait of 
syrup was placed on the <least frequented trunk 
route (route 2, Fig. 5) 10 m from the mound . 
The temporal distribution of ants marked as 
recruits on route 6 and changing their for-
aging direction, could be compared with the 
distribution of veterans marked on route 2 in 
September 197 5 {for procedure see also p. 18). 
Results 
On 1975-05-10 and 1975-05-11, the 
total volume of traffic on route 1 in-
creased steeply during the first hour 
following the start of activity in the 
morning (Fig. 2). There was a simulta-
neous rise in the number of bait-mark-
ed ants (recruits) on route 1, but no rise 
was noted for the pioneer group on 
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FIG. 3. Ordinate: number of bait-marked ants depart ing from the mound per 5-min period along route 1 
between 6 :00 and 8 :00. Abscissa: total traffic depart ing from the mound along route 1 between 6:00 and 
8 :00 . 
* = counts for 10.V-18.V combined (broken line). 
e = counts for 29.V-7.VI combined (continuous line). 
b = slopes of regression lines . 
either of the observation days (Fig. 2). 
On both days the regression of the 
numbers in time differed significantly 
between the recruits and pioneers 
(IO.V: t=3.8, 4d.f., 0.025>P>0.010 
and 1l.V: t= 12.4, 8d.f., P<0.001). 
This clearly proves that the traffic be-
haviour of these groups is affected dif-
ferently by the traffic volume and/or 
the time from the beginning of the 
traffic. On both days, the slope of the 
regression line for the recruit group 
was significantly less steep than that 
of the line for the total traffic activity 
(10.V: t=4.2, 4d.f., 0.025>P>0.010 
and 1l.V: t= 13.3, 8 d.f., P<0.001) . 
This difference may have been due to 
the lapse in time between the bait-
marking and the counting of the traffic 
on route 1, which means that the ants 
marked on the bait no longer represent-
ed inexperienced foragers or "novices" 
(although they were probably novices 
compared with the pioneer group). 
When the number of bait-marked ants 
was examined as a function of the total 
outgoing traffic on route 1 between 
6:00 and 8:00, a highly significant dif-
ference was found between the slopes 
of the regression lines for the first 
(counts on 1975-05-10, 05-11 and 05-
18) and third weeks (197 5-05-29, 06-
02 and 06-07), (fig. 3, t=3.4, 22 d.f., 
P<0.005). This result indicates that the 
behaviour of the recruits gradually 
changes toward the behaviour of older 
foragers. Or, in other words: the for-
aging column of wood ants is a spatia-
temporal "scale" with pioneers and 
novices as the extremes. 
When the above experiment was re-
peated in spring 1976 (p. 14 point 3) 
it was possible to identify the pioneer 
group with veteran foragers (Fig. 4a). 
The rate of traffic of the bait-marked 
ants noted in counts made at an inter-
val of about 1 month in 1976 is shown 
as a function of time from the start of 
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FIG. 4. No. of aots/5 min {log scale) departing from the mound as a function of time in minutes from 
the start of traffic in early morning. Part a: counts for 23 .V. Part b: counts for 24.VI. 
0 = total traffic. 
* = bait-marked ants {recruits) . 
.A. = ants marked in previous autumn {veterans) . 
The slopes of the regression lines for recruits (b = 0.024) and veterans {b=0.0009) differ significantly {t=4.1 16d.f. P<0.001) . The slopes of the regression lines for recruits differ significantly from the slopes 
for total traffic on 24.VI. (t=4.96 16 d.f . P<0.001), but nit on 23 .V (t=0.383 16 d.f. P>0.7) . 
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traffic in Fig. 4a (23.V) and 4b (24.VI). 
The slope of the regression line is clear-
ly less steep for the later date, which 
confirms the conclusion drawn from 
the material for 197 5. An interesting 
point was that a few individuals of the 
forager group which had been marked 
in late September in the previous year 
were still observed at the count on 24 
June 1976 (they have not been included 
in Fig. 4b). 
3. Spatial distribution 
The route fidelity of wood ant for-
agers is on an average considerably 
lower in the spring than later in the 
season (RosENGREN 1971), but foragers 
marked in the previous season evident-
ly have a higher than average fidelity 
in spring (Fig. 1 and cf. the average 
values for fidelity in spring in RosEN-
GREN 1971 with the values for old for-
agers in RosENGREN & PAMILO 1977). 
We may consequently expect that ants 
marked as pioneers in the spring will 
have a higher degree of fidelity than 
ants marked as recruits . We may also 
expect that ants in the distal parts of the 
spring columns will have a higher fide-
lity than ants in the proximal parts. 
Interest attaches to the mechanism 
of the choise of foraging directions by 
young foragers, since it determines the 
ability of the system to cope with a 
changing environment. 
a. Distribution of pioneers and 
recruits 
Procedures and sources of error 
The distribution of pioneers and recruits was 
studied in traffic counts made on 6 (in 1975) or 
7 (in 1976) trunk routes (see also p. 14 for 
methods). Table 2 and Fig. 5 are based on 7 
pooled traffic counts (1976-05-10 ·- 28) made dur-
ing steady state traffic. Counts made at other 
times (e.g. in morning or evening or after r.a.in) 
. ... 
•••• 
.. .. 
FIG. 5. Mound A (circle in centre} with its route 
system (simplified). Star: a bait 2.7 m from the 
mound on the artificial route 6. Broken lines 
without numbers: routes not included in the 
counts. 
e = ants marked as pioneers on route 1 . 
Circle drawn with continuous line = percentages 
of total ants (n in Table 2) on routes. 
Circle drawn with broken line = percentages of 
bait-marked ants (n in Table 2) on routes. 
are very unreliable if the aim is to compare the 
traffic volume or the proportions of the forager 
popul<ttion on different routes, since the time of 
maximum traffic (e.g. morning peak, evening 
peak} differ with the routes. There is, however, 
more justification for using counting values 
which do not strictly fu!Uil steady state conditions 
if the aim is to compare the percentage of marked 
ants on two routes. This was done in the com-
parison of the frequencies of marked ants on rou-
tes 1, 2 and 3 in 1976 (Fig. 6), but counts made 
before 9:00 and after 17:00 were excluded in this 
case as well. All counts from different routes to 
be compared were made immediately after each 
other. 
Results 
The distribution of recruits within 
the route system after removal of the 
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bait is seen in Fig. 5 and Table 2. The 
bait-marked ants had a very low fide-
lity (22 Ofo on the original route) com-
pared with the group of pioneers mark-
ed on route 1 (90 Ofo on the original 
route). The recruited group did, how-
ever, show some fidelity, constituting 
16.3 Ofo of the ants counted on route 6. 
The corresponding percentages for the 
other routes were clearly lower (Table 
2), and the difference between route 6 
and the nearest route, no. 5, was sta-
tistically highly significant (x2 = 17,4 
1 d.f. P<0.0005). 
In the bait-marked ants changing 
their original foraging route, the choice 
of new route may have followed a com-
bination of three rules (Fig. 5 and 6): 
1. A direction close to the original 
direction may have been preferred. 
This rule, demonstrated in a previous 
paper (RosENGREN 1971:13 and 56-
57), could not be proved in the present 
case (but seep. 21) because the nearest 
routes were also the most intensely fre-
quented ones (Table 2 and Fig. 5). 
2. Intensely frequented routes were 
clearly preferred to less frequented 
routes, at least to a certain degree, in-
dependently of their distance from the 
original foraging direction. More ants 
marked as recruits were thus found on 
route 1 than on the nearest route 5 (Fig. 
5) . Route 3 was likewise preferred to 
routes 2 and 4. The preference of route 
3 must be attributed to differences in 
the traffic flow during the counting 
period rather than to a tendency to 
confuse directions deviating by 180° 
(see RosENGREN 1971:13 and 56- 57). 
3. The route which for the moment is 
the most rewarding with respect to food 
is preferred (Fig. 6) . The percentage of 
bait-marked recruits was lower on rou-
te 2 than on routes 3 and 1 in 197 5 (no 
bait on route 2). Route 2 was baited be-
tween 16.V. and 25.V. in 1976, after 
the removal of the marking bait from 
route 6. This caused not only a tempo-
rary increase in the traffic on that 
route but also a selective and perma-
nent increase in the percentage of bait-
marked ants; their percentage remain-
ed clearly higher on route 2 than on 
routes 1 and 3 for more than 2 months 
(Fig. 6). The selective increase in the 
percentage of bait-marked ants may 
initially have been correlated with the 
increase in traffic on route 2 (due to 
the bait) but was certainly not correlat-
FIG. 6. Percentages of marked ants as a function of time of year on routes 2 (= 0 ), 1 (=e), and 3 
( = • ). Clear and permanent increase evident in percentage of marked ants on the baited route 2. 
Arrow pointing downwards: introduction of bait on route 2. Arrow pointing upwards: removal of bait. 
*- - - -* = no. of ants/10 min on route 1 (steady state traffic, abscissa on right). 
* * = no. of ants/10 min on route 2. 
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TABLE 2. Frequencies of bait-marked ants in samples from different trunk routes of mound A (for di-
rection of routes, see Fig. 5). For further explanation, see the text. 
route 
total number of counted ants 
bait-marked ants 
bait-marked ants as % of total number 
ed with the absolute traffic volume on 
that route. The volume of traffic on 
route 2 was never very much larger 
than on route 1 and later sank to a 
lower level (the values for traffic in 
Fig. 6 are all based on traffic counts 
made during steady state traffic, but in 
the main the above conclusion is sup-
ported by traffic counts made at other 
times, e.g. in the morning). 
Random samples taken from the sur-
face of the mound at the beginning of 
the observation period indicated that 
the percentage of bait-marked ants was 
considerably higher on the mound than 
outside the mound in the terrain. On 
the evening of 17 .V., the percentage of 
bait-marked individuals was 19.9 °/o 
(n = 943) and early in the morning on 
18.V. it was 15.0 (n=413). These per-
centages are high compared with the 
values for the routes given in Fig. 6 
and the pooled value for the 7 trunk 
routes on the evening of 17.V., which 
was 4.4 °/o (5-min counts on each route; 
n=1259; value for route 6: 11.7 Ofo, 
n=128). This result shows that the 
2972 
316 
10.6 
2 
1247 
111 
8.9 
3 
2194 
197 
9.0 
4 
1556 
128 
8.2 
2437 
275 
11.3 
6 
1774 
290 
16.3 
bait-marked ants were reluctant to 
leave the mound, or the close vicinity 
of the mound, at the beginning of the 
observation period (the new bait on 
route 2 was 10 m away from the 
mound, whereas the marking bait was 
only 2. 7 m away). The reluctance to 
leave the mound probably gradually 
disappeared (cf. the difference in pho-
totaxis between old foragers and re-
cruits, p. 22). This would explain why 
the decrease in the percentage of mark-
ed individuals appeared to be linear 
rather than logarithmic (Fig. 6). The 
expected logarithmic decrease, due to 
mortality and/or loss of markings (see 
CzECHOWSKJ 1975), was probably coun-
teracted by a gradually increasing ten-
dency to leave the mound for foraging. 
Thus Fig. 6 cannot be used to estimate 
the loss of marked individuals. It does, 
however, seem to indicate that the 
aerosol paints used here must be more 
durable than the manually applied 
paints used by some other ant students 
(e.g. HoRSTMAN 1973, CzECHOWSKI 
1975). 
TABLE 3. Numbers of marked ants of the early (distal) and late (proximal} part of a spring column 
(route 2) found on routes examined (mound B) between 1975-05-03 and 05-09 (see Fig. 1 for direction 
of routes). The whole of a spring column (including both early and late groups) was marked for compari-
son (route 6). Traffic percentages indica-ted for each route. 
route marked• silver marked orchid marked yellow percentage of total 
early + ·late 6 early group 2 late group 2 traffic 
1 (25°) 5 ( 1.1 %) 4 ( 2.5 %) 32 ( 7.2 %) 6.3% 
2 (23°) 18 ( 4.0 %) 135 (82 .8 % ) 300 (67.1 %) 37.2% 
3 (18°) 7( 1.6%) 9( 5.5%) 25( 5.6%) 9.6% 
4 (13° ) 19 ( 4.3 %) 9 ( 5.5 %) 30( 6.7%) 15.1% 
5 (10°) bait 69 (15 .5 %) 6( 3.7%) 46 (10.3 %) 20.8% 
6 ( 5°) 328 (73.5 %) 0 ( 0.0 %) 14 ( 3.1 %) 11.1% 
Sum 446 ( 100 %) 163 ( 100 %) 447 ( 100 %) 100 % 
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b. Distribution of ants from early 
(distal) and late (proximal) parts of the 
spring column 
Procedure 
Colony B (page 6 aoo Fig. 1) was watched 
from early in the morning on 1975·-05-02, after a 
cold night. The traffic on routes 2 and 6 started 
at ~bout 8:30 (ground temperature 5-6°C). The 
ants first appearing on route 2 were marked with 
orchid spray paint on a 5-m stretch 5 to 10 m 
from the mound (6.0-7.8°C during the marking) . 
The marking reduced the traffic intensity on the 
route and it was necessary to wait about one hour 
until the traffic again reached the rapidly increas-
ing trend carac-teristic of the morning phase (cf. 
Fig. 2). The ants passing the same stretch on 
route 2 in very large numbers were then marked 
with yellow spray paint (8-9°C during marking). 
Simultaneously with both of t-hese markings, the 
ants on route 6 were marked with silver spray, 
i.e. both the ants starting the traffic (distal part 
of the column) and the ants leaving the mound 
later at high traffic intensity. Between 1975-05-03 
and 05-09, 6 routes in the system were examined ; 
the numbers of marked ants on 20-m stretches of 
each route were noted and the total activity on 
each route was determined by traffic counts, (for 
the procedure, see p. 6) after noon at steady 
state traffic. At -this time of the season, the traffic 
volume on some of the routes was already too 
large to permit simultaneous estimates of the 
numbers belonging to the different marked groups 
and the total numbers. In such cases it was thus 
impossible to obtain a reliable estimate of the 
ratio of marked to unmarked ants. From 1975-05-
03 -- 09 the rate of traffic on route 5 (see Fig. 1 
and Table 3) was raised with the aid of a large 
bait of syrup 20 m from the mound. The bait had 
to be renewed at least twice a day. The proportion 
of the total traffic on the baited route 5 rose from 
about 6 % before baiting to an average value of 
21 % after baiting. 
Results 
The early group, marked with orchid 
on route 2, had a fidelity of 83 Ofo (n = 
163), whereas the fidelity of the later 
group, marked with yellow on the same 
route, was only 67 Ofo (n=447). This 
difference is highly significant (x2 = 
14.7 1d.f. P<0.0005). The group mark-
ed with silver on route 6 (consisting of 
both late and early parts of the for-
aging column) had a fidelity of 74 Ofo 
(n=446). Table 3 shows the distribu-
tion of marked ant groups within the 
part of the route system examined 
(routes within the semicircle in Fig. 1.). 
Most of the ants changing from the 
marking route chose the baited route 5. 
However, the effect of baiting per se 
on ants changing their routes cannot be 
separated from the effect of the traffic 
volume (but see p. 19 and Fig. 6). In 
addition, the angle to the marking rou-
te seemed to play an important role; 
far more ants marked on route 6 were 
found on the nearest route 5 than on 
route 2 (with the largest traffic volume) . 
while ants marked on route 2 preferred 
route 1 to route 6 (table 3). The reason 
why the size of the angle to the original 
route may have been more important 
than in the previous experiment (p. 19 
and Fig. 5) seems to be that in the pre-
sent case the ants had been marked on 
established routes and at a longer dis-
tance from the mound. 
B. Differences in reaction to light between "pioneers" and "recruits" 
1. Ants recruited to a bait in autumn 
compared with regular foragers 
There are indications that recruits 
are relatively young Aussendiensttiere, 
perhaps just beginning their work out-
side the nest: 
I. Foragers from routes with an m-
22 Rai11er Rose11gre11: Foraging strategy of wood ants {Formica rufa group} 
creasing traffic volume have a lower 
mean mortality rate in capture than 
foragers from routes (of the same sys-
tem) with declining traffic (RosENGREN 
1971:67 and 74). 
2. Foragers which have been marked 
on highly attractive baits during spring 
or autumn also have on the average a 
lower degree of fidelity and a lower 
mortality rate, under natural conditions 
(RosE GREN 1971:34, 67 and 72). 
3. If a considerable part of the for-
ager population is marked with spray 
paints, a rise in the persentage of un-
marked ants can be observed on baited 
but not on adjacent unbaited routes. 
This change in the composition of the 
forager population suggests that a new 
group of formerly inactive foragers has 
been directed from the mound to the 
bait during the recruitment process 
(ROSENGREN 1971 :63-66). 
The estimate of the size of the active 
forager population of mound A (p. 5) 
was of course not identical with the 
total number of ants in the colony. 
Samples taken from the nest with a 
peat sampler (Hiller sampler, see To-
L?z:rEN 19~7) revealed statistically sig-
mftcant dtfferences in the percentages 
of ants marked as foragers at different 
depths of the mound. 'The percentage 
on the surface of the mound was 14.0 
(n = 552), or almost the same as outside 
!he mound in the terrain (cf. p. 5), but 
m the centre of the mound (about 30 
cm from the top) it was 7.4 Ofo (n= 
1204), and in the earth nest below the 
mound it was only about 1.4 (n=359). 
Sampling was done on 197 5-08-21 at 
abou~ 12:00 (20°C) during steady state 
traffic on the routes. This experiment 
shows that the mound population is 
vertically stratified, and that a large 
part of the population does not partici-
pate in foraging, at least under normal 
conditions. Since age is a continuous 
variable, some part of this lnnendienst 
population may, however, reach a stage 
when foraging behaviour may be re-
leased by recruitment to an exceptio-
nally attractive source of food, e.g. 
meat baits offered in autumn (see p. 
7). j ANDER (1957) observed that wood 
ants from the deeper parts of the nest 
are negatively phototactic, in contrast 
to ants from the mound surface, which 
are positively phototactic. I was able 
to show that the difference between 
strongly photonegative and strongly 
photopositive animals persists for at 
least one month in a laboratory colony 
provided with a dark nest and an illu-
minated foraging field (RosENGREN 
1971 :26, see also OTTo 1958). Photo-
positive ants were, however, much more 
short-lived and were gradually replac-
ed in the illuminated field by previous-
ly phot?negative animals. Photonega-
tive ammals were characterized by a 
tendency to agglomerate and form 
clusters. 
We cannot expect such marked dif-
ferences in the groups tested below. 
Young foragers leaving the nest in light 
naturally cannot be markedly photone-
gative. The ability of a wood ant colo-
ny to react to a bait in autumn by mass 
re_cruitment has been found to vary 
widely (see p. 13). This is probably due 
not only to the nutritive state of the 
colony (HoRSTMANN 1975b) but also to 
the number of potential recruits still 
available at the beginning of the hiber-
nation period. There are several indi-
cations that young wood ant workers 
in the deepest parts of the nest begin 
the hibernation period much earlier 
than regular foragers (Joanna Petal 
and Bohdan Pisarski personal com-
munication, see also KIRCHNER 1964: 
58). 
a. Procedure 
The experiment was carried out in colony C 
between 1972-09-15 and 1972-10-20. A bait of 
meat was placed on either of the two branch 
routes (la or 1b) of a forking trunk route in 
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exactly the same positiOns as during a previous 
recruitment experiment in this colony (ROSENGREN 
1971:63-65, figure of the route system, RosEN-
GREN 197'1 :30). The traffic on the branch routes 
and on two adjacent trunk routes was counted 
before and after baiting. Samples were brought to 
the laboratory for a test in the light/dark alter-
na tive chamber (description on p . 7), only if the 
rate of traffic on the baited route was more than 
double that on the route before the pla<:ement of 
the ba.it. 
Comparisons were made between samples from 
the baited route, samples from the same route 
before baiting and samples from adjacent trunk 
routes. In the laboratory, the groups were fed 
with meat and honey, to level out nutritive diffe-
rences. The ants of each experiment were then 
marked manual·ly with a different colour for each 
group and placed (without food) in the same 
test chamber. The chambers contained different 
number of ants and, as it appears that the density 
of the population may influence the result, only 
groups from the same experiment and chamber 
are comparable with respect to phototaxis and 
mortality. The reason why all- the ants of the 
original sample were placed in the same test 
chamber is that it is difficult to get unbiased sub-
samples in such cases (cf. KIRCHNER 1964). The 
numbers of ants of the different groups were then 
counted in each half of the chamber. The counts 
were done once a day or twice a day (morning 
and evening) for 5 successive days . After the ants 
had been kept for about a month in the chambers, 
the mortality of each marked· group was deter-
mined. As some of the chambers dried out during 
the storing, the results cannot be compared be-
tween the chambers . 
Results 
The results (pooled values for each 
~xperiment and group) are summarized 
m Table 4. Three of the four experi-
ments (I-III) gave significant diffe-
rences between groups from baited and 
non-baited routes with respect to photo-
taxis; ants from baited routes mostly 
showed a smaller preference for the 
light part of the chamber and were 
thus at least phototactically more am-
bivalent than ants from non-baited 
routes. The difference between the 
groups with respect to mortality was 
even more striking. The absence of 
those differences in the last experiment 
(Table 4. experiment IV) may have 
been due to the very late stage of the 
season (1972-10-11- - 12). Younger 
workers, belonging to the transitional 
group between lnnendiensttiere and 
Aussendiensttiere, may already have 
retired to the deeper parts of the nest. 
According to both experiment III and 
experiment IV, route la had a higher 
number of phototactically ambivalent 
(or photonegative) foragers than route 
6, even when no bait was present (with 
pooled values for routes la and 6, ·f= 
28.9, 1 d.f. P<0.0005). This may be 
connected with the fact that the pro-
portion of traffic on route la was in-
creasing during late autumn, owing to 
the presence of underground aphid gal-
leries, which the ants could use after 
brief periods of frost. (The same ob-
servation concerning this particular 
route was made in the autumn 1970). 
Most of the recruits still available in 
the colony may already have been en-
gaged on route la, when it on 1972-10-
11 was baited with meat (Table 4, ex- . 
periment IV). Some of the samples 
from both the baited and non-baited 
routes were collected in the dark 
(Table 4), but no evidence was found 
that the number of "photonegative" 
animals outside the mound is larger 
during the dark period. Some observa-
tions suggested that the clear difference 
in light reaction noted between some of 
the samples can be demonstrated only 
at a relatively low test temperature. 
2. Ants in distal part of the spring 
column compared with ants in 
proximal part 
Are the ants observed in the distal 
part of the foraging column in early 
24 Rainer Rosengren: Foraging strategy of wood ants (Formica rufa group) 
TABLE 4. Reactions of foragers from baited and non-baited routes in a light/dark alternative chamber 
at +7-8°C. Date, time of the day and temp. refer to the moment of capture from the route. 
- = no bait present; + = bait present; light p. = number of ants found in the light part of the cham-
ber; dark p. = number of ants found in the dark part of 'the chamber; % survival = the percentage of 
ants still living after a month. For further explanation, see the text. 
route time temp . bait 
Experiment I (1972-09-15) 
lb 14.15 18.7°C 
1b 22.30 14.0°C + 
2 14.15 18.7°C 
2 22.30 14.o°C 
Experiment 11 (1972-09-17) 
la 12.00 12.7°C 
lb 12.00 12.7°C + 
Experiment Ill 
la 
la 
la 
6 
6 
7.X 
14.00 
8.X 
01.30 
8.X 
14.00 
8.X 
01.30 
8.X 
14.00 
(1972-10-07-- 08) 
Experiment IV (1972-10-11 -- 12) 
la 
la 
la 
6 
6 
6 
ll .X 
16.30 
ll .X 
23 .00 
12.X 
11.00 
ll.X 
16.30 
ll.X 
23 .00 
12.X 
11.00 
9.4°C 
8.5°C 
9.5°C 
9.4°C 
+ 
+ 
light 
p. 
457 
467 
447 
338 
190 
506 
184 
214 
246 
274 
271 
266 
645 
523 
280 
568 
298 
dark 
p. 
234 
651 
213 
203 
91 
413 
170 
236 
276 
160 
143 
233 
462 
371 
128 
330 
143 
spring recruiting and directing ants in 
the proximal parts of the same co-
lumn? The results presented so far do 
not refute this hypothesis. On an ave-
rage, regular foragers seem to have a 
stronger preference for light than re-
cruits (Table 4). Can a similar diffe-
rence be demonstrated between ants 
from the distal (early) and proximal 
(late) part of the spring column? 
dark% 
p. 
33 .9 
58.2 
32.3 
37.5 
32.4 
44 .9 
48 .0}1 
52 .4 } 
52 .9)1 
36.9 t} 
34.5 J 
46.7 
41.7 
41.5 
31.4 
36.7 
32.4 
100.5 
13.4 
1.4 
1.8 
30.2 
0.4 
3.4 
p 
P<0.0005 
O.l>P>0.05 
P<O.OOl 
P>O.l 
P>O.l 
P<0.0005 
P>O.l 
O.l>P>0.05 
0.1>P>0.05 
Procedure 
%survival 
3.0 
30.0 
3.7 
1.1 
32.8 
89 .8 
67.5 
96.2 
92.2 
47.7 
52 .5 
87.7 
76.6 
72.3 
74.2 
69 .0 
71.8 
The B colony was watched from early morning 
at the very beginning of the ac-tive period (on 
1975-04-19). The foragers began to leave the 
mound along one of the .routes at about 12:30 
(sunshine on this sector of the mound and the 
terrain, ground <temperature about 6.5°C in the 
shade). 
The column was allowed to progress for 10 m 
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TABLE ~. Reactions of foragers from distal and proximal parts of the early spring column (1975-04-
19) in a light/dark alternative chamber at +7°C (pooled values of ~ counts made on ~ successive 
days). The difference is highly significant: :x;!= ~3 .8, 1 d.f. P<o .ooo~. For further explanation, see 
Table 4. 
Distal part 
Proximal part 
light p. 
181 
80 
dark p. 
241 
337 
along the route. The distal part of 'the column 
was then captured and placed in a jug of water, 
and, immediately afterwards a sample was taken 
from the extremely dense proxima1 part of the 
column, about 2 m from the mound and placed 
in another jug of water. The groups were marked 
manually with different colours (Humbrol) and 
placed together in a light/dark alternative chamber 
(100 % RH, +7°C, a Hg mixed light bulb in-
stead of the incandescent lamp used during the 
bai·ting experiment) . The experimental procedure 
was otherwise as previously described (p. 7) . In 
1976, roughly the same experiment was made 
later in spring with cdlony A. An improved, ellip-
tically shaped, light/dark alternative chamber 
(dispersed 3~0 Lux light from a mixed light Hg 
bulb) was used in the Iatter case (RosENGREN & 
PAMILO in preparation). 
Results 
In 197 5, highly significant differen-
ces in both phototaxis and mortality 
were found between the distal and 
proximal parts of the spring column 
(Table 5). The distal part had a higher 
mortality and a stronger preference 
for the light half of the light/dark al-
ternative chamber than the proximal 
Total 
422 
417 
% dark p. 
~7 .1% 
80.8% 
%survival 
29.9% 
64.6% 
part. The 1976 experiment showed the 
same trends; the difference in morta-
lity was less marked, but the difference 
in light reaction was quite obvious (per-
centages in dark part of chamber, distal 
group: 46.6 °/o, (n=425), proximal 
group: 64.4 °/o (n=696)). A more de-
tailed account of the latter experiment 
will be given elsewhere (RosENGREN 
& P AMILO in preparation) . 
These results are in accordance with 
my previous findings (RosENGREN 
1971:73-74) and with those presented 
in Figs. 2 and 4 (pp. 15 and 17). 
The present observations suggest that 
young ants with a still very ambivalent 
reaction to light are enticed from the 
mound by a pioneer group of more po-
sitively phototactic, probably old, for-
agers (higher mortality, larger pro-
portion of ants marked the previous 
season, see p. 14). Recruitment of the · 
common type with finders of food in-
forming other ants on the return jour-
ney back to the nest (HoRSTMANN 
1975b) seemed extremely unlikely in 
the present case because virtually all 
the ants in the column were departing 
from the nest at the time of capture 
(for discussion see p. 27). 
IV. DISCUSSION 
There are three basic requirements 
which have to be met before we can 
speak of topographic tradition in wood 
ants. (The expression topographic tra-
dition implies here that spatial infor-
mation is transferred, directly or in-
directly, from generation to generation 
and from one year to the next.) 
1. A group of foragers must exist 
whose memory stores topographic 
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information about routes and for-
aging grounds through the winter. 
2. A social system must exist which 
is based on age polyethism and 
which guarantees that topographic 
information is mainly transferred 
from old foragers to young ones, 
and not the other way round. 
3. A recruiting and directing mecha-
nism must exist for the transfer of 
information from one individual (or 
group) to another. 
1. Route fidelity 
There can hardly be any doubt that 
the veteran foragers in the colonies 
studied retain their route fidelity 
through the winter (pp. 10 to 14). It 
has been shown that the fidelity of 
wood ant foragers is at least partly due 
to visual memory (RosENGREN 1971: 
55-57). There is also another, so far 
unknown, source of stored topographic 
information, which functions during 
nocturnal foraging in late summer 
(RosENGREN 1977). Retention of route 
fidelity implies the existence of a group 
of individuals with the "task" of stor-
ing topographic information through 
the winter. 
2. Age polyethism 
There are many possible explana-
tions for the fact that a certain group 
of foragers differs from the others in 
light reaction, mortality or degree of 
route fidelity, but the choice of expla-
nations is considerably reduced when a 
high degree of positive phototaxis is 
coupled with high fidelity and a high 
mortality rate. Moreover, ants with 
this combination of characters seemed 
to start the traffic in early spring, 
whereas ants with a low degree of po-
sitive phototaxis, low route fidelity and 
a low mortality rate seemed to function 
as recruits. 
These results can best be explained 
if we assume that veteran foragers 
have a higher motivation for foraging 
than younger foragers. Young foragers 
may require additional stimuli for for-
aging, e.g. recruitment or other kinds 
of social incitement not needed by old-
er groups. 
During the traffic counts in early 
spring (but not in the summer) it was 
often noted that a few ants were car-
ried back to the mound by fellow work-
ers. It was checked that these cases 
were not due to hibernation outside the 
mound (see KNEITZ 1964b, RosE GREN 
1969). 
Especially intense carrying activity 
was observed on the baited route 5 
in colony B (page 21). The bait was 
situated 20 m from the mound and 
enticed large numbers of foragers dur-
ing the day. A traffic count made on 
the evening of 4.V, showed that 3.6 Ofo 
of the foragers leaving the bait (n = 
832) were carrying other ants back to 
the mound. Some of the carried ants 
had been marked as foragers on other 
routes. Carrying of foragers in early 
spring also occurs when no baits or 
other sources of food are present and 
has occasionally been observed when 
the access to former foraging territories 
was still blocked by snow-drifts (see p. 
10). 
I have recently noted that a forager 
which has lost its orienting cues may 
announce its readiness for transport to 
another forager (paper in preparation). 
Carrying of fo ragers back to the mound 
is thus a further indication that inex-
perienced ants or "novices' , which are 
likely to lose their orienting cues rather 
easily, are enticed from the mound in 
early spring. 
3. Recruiting and directing signals 
Topographic traditions do not neces-
sarily require the direct transfer of 
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topographic information from one in-
dividual to another (as in the case of 
the transfer of spatial information 
through the waggle dance of the honey 
bee). The process can also be indirect. 
For example, an ant which moves in a 
direction determined by, say, its visual 
memory can at the same time deposit a 
scent trail. Another ant following this 
scent trail will learn, or become im-
printed on the same topographical cues 
(e.g. a configuration of visual land-
marks). This means in effect that the 
information stored in the memory of 
the first ant has been transferred to the 
memory of the second ant. 
There is evidence that both recruit-
ing and directing signals exist in wood 
ants. An alerting motor display termed 
"jerking" has been observed (RosEN-
GREN 1971:60), and similar motor pat-
terns (wagging and jerking) have later 
been described as specific recruiting 
signals in other members of the sub-
family Formicinae (H6LLDOBLER 1971). 
It is evident that these motor patterns 
are releasing but not directing signals 
(M6GLICH & H6LLDOBLER 1975). Wood 
ant foragers returning to starved colo-
nies are able to direct other workers 
from the nest to a source of food 
(RosENGREN 1971 :59-68 and HoRST-
MANN 1975b). There are some indica-
tions that pheromones from the rectal 
ampoules (HANGARTNER 1967) and/ or 
faecal deposits may function as direct-
ing signals in wood ants (see also 
M6GLICH & H6LLDOBLER 197 5 for ants 
of the Serviformica group). The guest 
ant Formicoxenus nitidulus has been 
shown to follow a scent trail deposited 
by its wood ant host (ELGERT & RosE -
GREN 1977), and has been used to de-
monstrate trail laying in wood ants as 
a response to both food and new nest 
sites in the laboratory. 
According to HoRSTMANN (1975b), 
a recruiting ant lays a trail from a bait 
on the return journey; he did not ob-
serve piloting from the mound (AnLERZ 
1886:127), or trails deposited on the 
outward jorney. It is rather difficult, 
however, to explain the steep rise in 
traffic observed in early morning (Fig. 
2.), and especially the marked diffe-
rence between the proximal and distal 
parts of the spring column (pp. 14 and 
21), without postulating a mechanism 
of "centrifugal recruitment" i.e. direct-
ing signals given by ants departing 
from the mound, since ants returning 
to the mound from the terrain are ex-
tremely few during this initial phase 
of the traffic (Fig. 2). It is even more 
difficult to explain the re-establishment 
of the former route system in early 
spring as a result of scent trails depo-
sited by ants returning from food. Lo-
calized food sources, e.g. aphid colonies, 
simply did not exist during this time of 
the year in the coniferous habitats 
studied by me in southern Finland. The 
forager population, which also includ-
ed young categories, nevertheless seem-
ed to be perfectly "channelled" along 
the previous routes. 
Tandem running would be one pos-
sible mechanism (see e.g. H6LLDOBLER 
1971) for "centrifugal recruitment". 
Some cases of tandem running were 
indeed observed in young wood ants 
(lnnendiensttiere) placed in a new, pre- · 
viously unexplored laboratory arena, 
but this very unusual behaviour has not 
been noted during foraging (my un-
published observations). The optomotor 
or kinopsis response reported by 
STURDZA (1943) may be a more com-
mon source of social information: 
If a cluster of relatively young wood 
ants is placed in the centre of an arena 
with several identical black landmarks 
placed against a white background, 
some of the more active workers start 
running towards one of the landmarks 
in an "excited" or broken running pat-
tern. In many cases, these individuals 
are followed by other previously more 
passive individuals. The recruit does 
not as a rule follow exactly the same 
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path as the "pilot" but often runs along 
a parallel path, which suggests an op-
tomotor reflex (my unpublished obser-
vations). 
It also appears possible that recogni-
tion of familiar landmarks in early 
spring releases trail laying from the 
mound (cf. the "exploratory recruit-
ment" described by WILSON 1962) the 
reaction threshold being lowered after 
the hibernation period. It is not neces-
sary to postulate that one or a few for-
agers are able to direct other workers 
to a distant goal, because directing 
signals from a large number of indi-
viduals on the same track may have a 
cumulative effect. The "distal" part of 
the foraging column may thus be able 
collectively to direct the "proximal" 
part of the same column. 
The observation that some wood ant 
colonies do not have tracks in early 
spring (see HoRSTMANN 1975a, p. 10 for 
discussion) can be explained by the 
latter hypothesis, since it implies that 
the transfer of information requires a 
certain "threshold density" of veteran 
foragers on the same track. This means 
that the re-establishment of the pre-
vious route system may fail if the po-
pulation of veteran foragers is too dis-
persed or diluted (e.g. due to the ab-
sence of distinct, sufficiently narrow 
tracks during the previous season). 
The fact that many of the routes of 
colonies A and B followed furrows 
cleared through the moss may have fa-
cilitated "channelling" of the traffic. 
Tactile cues from the cleared road fur-
row cannot, however, be the only factor 
responsible for re-establishment of the 
previous routes in early spring (RosEN-
GREN 1971:79, RosENGREN 1977). The 
hypothesis that wood ants find their 
previous routes in early spring with 
the aid of scent trails preserved through 
the winter is not supported by my field 
observations (RosENGREN 1971:79 and 
RosENGREN 1977). Moreover, labora-
tory studies of wood ant scent trails in-
dicate that they lose most of their acti-
vity within some hours (ELGERT & 
RosENGREN 1977). 
A "prognostic" foraging strategy 
The nature of the recruiting and di-
recting mechanisms utilized by wood 
ants of the Formica rufa group is still 
unsettled, but whatever these mecha-
nisms may be, the ability of wood ant 
foragers to transmit directions to 
fellow workers has been demonstrated. 
Hence we may conclude that all the 
basic prerequisites for true foraging 
traditions are present (route fidelity of 
veteran foragers , recruiting and direct-
ing signals, a succession of age groups 
on the track). However, the extent to 
which a wood ant society realizes its 
capability to develop long-lasting for-
aging traditions in different habitats is 
still an open question. 
Many social insects change foraging 
objects from one day to another and the 
population is enticed to the places 
which for the moment receive most 
social "publicity". However, this "op-
portunistic" foraging strategy has some 
obvious drawbacks. In contrast, a 
"prognostic" foraging strategy based on 
"conservative" foragers, which store in 
their memory information about the lo-
cation of previous feeding grounds, is 
adaptive in stable (i.e. predictable) ha-
bitats, where food sources are renewed 
in the same places every year. Northern 
coniferous habitats may be rather stable 
with respect to the location of aphid 
populations, though, of course, no na-
tural habitats are predictable in any 
absolute sense. Wood ants evidently 
combine an opportunistic strategy bas-
ed on young foragers with a prognostic 
strategy based on veteran foragers, the 
equilbrium between these elements of 
the social system at any given moment 
presumably depending on the age dis-
tribution of the forager population. 
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SUMMARY 
The results confirm that wood ant 
foragers colour marked in autumn re-
tain their fidelity to previous routes 
through the hibernation period. In ear-
ly spring, these "veteran" foragers 
function as "pioneers", i.e. they start 
the activity in the morning. Compared 
with forager groups leaving the mound 
later in the morning and/or during a 
higher rate of traffic, pioneers are 
characterized by the following quali-
ties: 
l. a higher degree of route fidelity, or 
Ortstreue. 
2. a more marked positive reaction to 
light. 
3. higher mortality. 
Groups leaving the mound only dur-
ing intense traffic and groups enticed 
to a bait during mass recruitment are 
caracterized by poor route fidelity, an 
ambivalent reaction to light and low 
mortality. These results can only be ex-
plained by assuming that the foraging 
column leaving the mound in early 
spring is a spatio-temporal scale of dif-
ferently "timed" age groups. Veteran 
foragers and recruits are the distal and 
proximal extremes of this scale. 
It was observed that a small pro-
portion of ants leaving the mound for 
foraging in early spring were regularly 
carried back to the mound by fellow 
workers. This may indicate that young, 
inexperienced foragers, which are like-
ly to lose their orienting cues rather 
easily, are enticed from the mound 
during this time of the year. 
Recruits marked on baits in early 
spring were found to select new for-
aging directions according to two prin-
ciples: 1. routes with a high rate of 
traffic were preferred, 2. baited routes 
were preferred independently of the 
absolute volume of traffic on the route. 
The traffic behaviour of recruits gra-
dually changed towards the behaviour 
characteristic of older foragers. 
When the present results are con-
sidered together with the fact that the 
previous route system is re-established 
before the commencement of aphid ac-
tivity in spring, it seems most likely 
that the route system is determined by 
true tradition i.e. the direct or indirect 
transfer of memory-stored information 
from one generation and season to the 
next. 
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